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To the Editor: Posterior nutcracker syndrome (PNS) is a condition caused by compression of the left renal vein (LRV) between the vertebral column and the aorta (AO). Open surgery with LRV transposition has usually been recommended for patients with PNS. [1] [2] [3] [4] However, existing surgical means of treatment are not sufficiently safe, effective, or minimally invasive. Here, we present one case of PNS treated with three-dimensional (3D) printed extravascular stent placement using laparoscopy.
A 29-year-old woman with a 9-month history of severe and persistent gross hematuria was admitted to the Department of Urology in Tangdu Hospital. On admission, urinalysis was positive for microscopic hematuria (+++) and proteinuria (+). Anemia was demonstrated by the reduced hemoglobin (89 g/L). A preoperative Doppler ultrasound (DUS) examination confirmed a retroaortic LRV with flow acceleration in the stenotic area (peak velocity 8 m/s measured in the hilum portion and 220 cm/s in the stenotic area; Figure 1a ). The preoperative computed tomography (CT) and 3D imaging showed compression and stricture of the retroaortic LRV (2-mm diameter measured in the stenotic area and 9 mm in the hilum portion; Figure 1b and 1c) . In addition, the 3D printed anatomical model gave us a perceptual intuition of the compressed retroaortic LRV [ Figure 1g ].
We designed the C-shaped personalized stent with the 3D modeling software Auto Computer Aided Design (Autodesk, San Rafael, CA, US) and printed it using a 3D printer (SLM-250S; EOS, Krailling, Bayern, Germany). The extravascular stent weighed 3.1 g. It had a length of 17 mm and a vertical and a transverse diameter within the stent of 9 mm and 6 mm, respectively [ Figure 1h ]. The following designs were targeted to prevent stent migration: (1) the raised edges on two ends of the extravascular stent, (2) the small holes on both ends of the raised edge to fix the stent on the AO with silk thread, and (3) the porosity of the extravascular stent.
A standard, four-port, transperitoneal, laparoscopic approach was performed under general anesthesia with the patient placed in the lateral oblique position. The left adrenal central vein, ovarian vein, and lumbar vein were ligated and transected to release the LRV [ Figure 1i ]. The LRV and AO were successively exposed [ Figure 1j ]. The AO and the proximal end of the lumbar artery were gently pulled, while the C-shaped extravascular stent was placed around the compressed LRV through the gap [ Figure 1k ]. The stent was pushed into the space around the compressed LRV [ Figure 1l ]. Finally, through the small holes on the raised edge, the extravascular stent was fixed on the AO.
The duration of the operation was 140 min and the blood loss was 50 ml. The gross hematuria disappeared on the 23 rd postoperative day. Repeat DUS and CT examinations were performed at 6, 12, and 24 months postoperatively, and the results revealed patent blood flow of the LRV (peak velocity 16 cm/s, 18 cm/s, and 18.5 cm/s, respectively, measured in the hilum portion, peak velocity within the stent was not measured as the effect of stent on ultrasound; Figure 1d ) and stable position of the extravascular stent with no migration or erosion [ Figure 1e and 1f]. The reduced hemoglobin rose to 127 g/L at 12 months and 127.3 g/L at 24 months postoperatively.
There have been reports of patients with PNS who underwent open surgery, including LRV transposition, [1, 2] left renal autotransplantation, [2] left ovarian vein transposition, [3] and abdominal aortic transposition. [4] These vascular transposition methods are associated with technically difficult procedures and severe trauma. In addition, endovascular stents (EVS) have been proven to be an alternative treatment for PNS recently. [5] However, risks including incorrect stent placement, stent migration (e.g., to the right atrium), partial stent dislodgement to the inferior vena cava, and stent migration into the hilar region of the LRV cannot be avoided effectively. [6, 7] Beyond this, patients treated with EVS have to take anticoagulants, which can increase the risk of postoperative complications.
The use of 3D printing technology and medicine in combination has solved a number of traditional medical problems. We built a vascular stent of appropriate size, designed with a series of anti-migration component design using 3D printing technology. Titanium alloy, the raw material used in the stent, was selected for its lightweight, pronounced compression strength, low cost, and biocompatibility. The extravascular stent was shown to be safe postoperatively without migration, collapse, or erosion. Since extravascular stent implantation was here relatively simple, the operation was easily completed using laparoscopic technology, making it a less invasive alternative to LRV transposition and open surgery.
In conclusion, a patient-specific 3D printed extravascular stent was made for the treatment of PNS, and the laparoscopic implantation of the stent was conducted successfully. Hence, 3D printed extravascular stents with titanium alloy might be a minimally invasive, safe, and effective technique for PNS.
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